Objective: To investigate the clinical course of, and prognostic factors for, work-participation in patients with chronic non-specific low back pain. Methods: A total of 1,608 patients with chronic non-specific low back pain received a multidisciplinary therapy and were evaluated at baseline and 2-, 5-and 12-month follow-ups. Recovery was defined as absolute recovery if the patient worked 90% of his contract hours at follow-up. Potential factors were identified using multivariable logistic regression analysis. Results: Patients reported a mean increase in work-participation from 38% at baseline to 82% after 12 months. Prognostic factors for ≥ 90% work-participation at 5 months were being married (odds ratio (OR) 1.72 (95% confidence interval (95% CI) 1.12-2.65)), male (OR 1.99 (95% CI 1.24-3.20)), a higher score on disability (OR 1.00 (95% CI 0.997-1.02)) and physical component scale (Short-Form 36 (SF-36)) (OR 1.05 (95% CI 1.02-1.07)), previous rehabilitation (OR 1.85 (95% CI 1.14-2.98)), not receiving sickness benefits (OR 0.52 (95% CI 0.24-1.10)) and more work-participation (OR 4.86 (95% CI 2.35-10.04)). More work-participation (OR 5.22 (95% CI 3.47-7.85)) and male sex (OR 1.79 (95% CI 1.25-2.55)) were also prognostic factors at 12-month follow-up. Conclusion: At 12 months 52% of patients reported ≥ 90% work-participation. The strongest prognostic factor was more work-participation at baseline for the recovery of chronic non-specific low back pain.
INTRODUCTION
Much of the current research into low back pain (LBP) focuses on progression from the acute stage to a chronic stage, and on prognosis within the chronic stages (1, 2) . The natural course of LBP affects the ability to function in both work and personal life (3, 4) . Less than two-thirds of patients who develop chronic nonspecific low back pain (CNSLBP) recover within 12 months (3) .
In an Australian study (5) recovery was determined from measures of pain intensity, disability, and work status. This study showed that the prognosis is less favourable for those who have taken previous sick leave for LBP, have more disability or severe pain intensity at onset of CNSLBP (>3 months), have a lower level of education, and perceive themselves as having a high risk of persistent pain.
Our systematic review (6) on prognostic factors of CNSLBP at 12-month follow-up showed no association with the factor back muscle strength, and conflicting evidence for the association between return to work and age, sex, mobility and activities of daily living. At baseline, there was limited evidence for a positive influence of lower pain intensity and lower physical work demands on the outcome return-to-work.
More extensive information on the course and modifiable prognostic factors for improvement in work-participation could be helpful for professionals to better inform their patients and to influence their return to work. Thus, the aim of our prospective cohort study was: (i) to determine the course of work-participation of patients with CNSLBP in a multidisciplinary rehabilitation centre after 5 and 12 months, and (ii) to develop potential prognostic factors, which are associated with work-participation in patients with CNSLBP at 5 and 12 months following a multidisciplinary treatment.
METHODS

Study design and population
A prospective cohort study in patients with CNSLBP selected from a multidisciplinary outpatient rehabilitation clinic, the Spine & Joint Centre (SJC), Rotterdam, the Netherlands. All patients received several (postal) questionnaires and underwent a physical examination. Data were collected at baseline and at 2-, 5-and 12-month follow-ups. The study protocol was approved by the medical ethics committee of the SJC and all patients provided informed consent. Details of the study design are described elsewhere (7) . All patients with CNSLBP were recruited between January 2003 and December 2008 at the SJC. Inclusion criteria were: complaints lasting ≥ 3 months, age ≥ 18 years, previous unsuccessful treatment (e.g. physiotherapy) in primary or secondary care, and having a work contract at baseline. Exclusion criteria were: insufficient knowledge of the Dutch language, signs indicating radiculopathy, asymmetrical Achilles tendon reflex and/or straight-leg raise test restricted by pain in the lower leg, positive magnetic resonance imaging (MRI) findings for disc herniation, neoplasm, recent (<6 months) fracture or surgery of the lumbar spine, the pelvic girdle, the hip joint, or the femur, systemic disease of the locomotor system, and being pregnant or ≤ 6 months post-partum at consultation.
Intervention
The multidisciplinary treatment at the SJC centre used a bio-psychosocial approach consisting of 16 sessions of 3 h each during a 2-month period (total of 48 h). Patients were coached by a multidisciplinary team (e.g. a physical therapist, physician, health scientist, psychologist) (7).
Prognostic factors and outcome
The selection of relevant prognostic factors was performed in 2 steps: (i) the literature on prognosis for CNSLBP and work-participation was reviewed; and (ii) a clinical group of experts on CNSLBP composed a list of 47 prognostic factors. Using the Policy Delphi method, this list was scored for importance (on a 4-point Likert scale ranging from 1 = very important to 4 = not important) by 8 experts working in different clinical settings (8, 9) . A total of 23 prognostic factors was finally included, complying with the rule of at least 10 events per variable in the analysis (10) (see Box 1).
The outcome was work-participation, which was defined by dividing "current work hours" by "former work employment hours" prior to CNSLBP (7) . Recovery of work-participation was operationalized according to the following definition: absolute work-participation, defined as ≥ 90% work-participation at follow-up (11) (12) (13) .
Data analysis
Descriptive analysis was performed to describe the course of workparticipation and patient characteristics.
First, eligible prognostic factors that were highly correlated (r > 0.8) were identified. This was the case for the B200 Isostation (strength in flexion, extension, lateroflexion, rotation) and the Symptom Checklist 90 (SCL90, items [1] [2] [3] [4] [5] [6] [7] [8] . Only the B200 extension and the total score (i.e. item 9) of the SCL90 were included in the analysis (14) . The continuous factors were checked for linearity using spline regression curves, which revealed a non-linear relationship between body mass index (BMI) and work-participation.
The outcome work-participation is 1 of the 5 outcomes (back pain intensity, disability due to back pain, work-participation, quality of life and patients' perceived recovery) measured in this prospective cohort. For all the outcomes the same 23 prognostic factors were included (7) . BMI was changed into a categorical variable.
With regard to missing values, we applied multiple imputation of 5 datasets. Because in some patients 28-45% of data were missing, the results were compared with 40 data-sets and complete case analyses (CCA) (14, 15) . The Multivariate Imputation by Chained Equations approach was used as a multiple imputation method, which is implemented in SPSS 18. This method uses regression equations to estimate the missing values. As sensitivity analysis the results of 5 imputed data-sets were compared when 40 imputed data-sets were generated to see if the results would change. The number 40 was used because, in the initial model selection, 45% of the patients at 12 months were missing (loss-to-follow up). Because the results were similar, 5 imputed data-sets were used as the primary analysis method.
To develop our prognostic model, multivariable backward logistic regression analysis was performed and initially included 23 potential factors. In prediction research it is common to use a p-value of 15.7%, which is called Akaike information criterion (16) . The variables with the highest p-value were removed 1 by 1, until all remaining variables had a p-value of < 0.157 (17) (18) (19) (20) .
The selection of variables was performed over all imputed data-sets using Rubin's rules (21). To assess whether the level of significance influenced the final prognostic model, the selection of variables was repeated with a p-value of 0.05. A sensitivity analysis was performed with different work-participation cut-off values of 80% working and 100% working, and p-values of 0.05 and 0.157 (13) .
The performance of the model was checked with regard to the goodness of fit (Hosmer-Lemeshow test), the explained variation, and the discriminative ability of the model. The explained variation of the model was estimated by Nagelkerke's R-squared. Explained variation is the extent to which the outcome can be predicted by (the predictors in) the model in current data-set(s). The discriminative ability is reflected by the area under the receiver operating characteristic curve (AUC) (range 0.5 (chance) to 1.0 (perfect discrimination)) (22) .
Bootstrapping techniques were used to internally validate the models, i.e. to simulate the performance with respect to the explained variance and the AUC in comparable patient data-sets (18, 19, 23, 24) .
RESULTS
Study population
The original cohort consisted of 1,760 patients, of whom 1,608 had a work contract at baseline and were included (Fig. 1) . Table I presents the baseline characteristics. The mean age of the patients was 39.5 (SD 9.8) years and 73.1% of the patients were female. Of all patients, 1,059 patients worked 0-99% of their "former work employment hours", implying that they either had productivity loss, or partial or complete sick leave. At baseline, the mean duration of back pain complaints was 7.3 (SD 8.2) years.
Of all participants, 1,557 (97%) completed the 2-month multidisciplinary treatment, 1,433 (89%) returned the 5-month follow-up and 886 (55%) returned the 12-month follow-up questionnaire. The main reasons for missing variables were incomplete or not returned questionnaires. Table II presents the course of work-participation at baseline, and at 5-and 12-month follow-ups. At baseline, mean work-participation was 38.3% (SD 43.1); at 5-month follow-up this had increased to 73.4% (SD 44.9) and at 12-month follow-up to 81.8% (SD 52.9). Absolute work-participation (≥ 90%) was present in 25.4% at baseline, 43.2% at 5-month follow-up, and 52.0% at 12-month follow-up. Table III shows the results of the patients working ≥ 90% of their contract hours at 5-and 12-month follow-ups. At 5-month follow-up the factors remaining in the final 27 .4% (n = 441). For work-participation (n = 1,608 had a work contract) in 9.8% of cases there were missing values for "current work hours" at baseline, therefore work-participation could not be calculated.
Course
Prognostic factors for absolute work-participation (≥ 90% at work)
model yield an explained variance of 30% with an AUC of 0.78. These factors were: being married or living with 1 adult, being male, high score on disability at baseline, previous rehabilitation, no sickness benefit, more work-participation at baseline, and a high Physical Component Scale (PCS) score on the SF-36 at baseline. At 12-month follow-up the explained variance was 17%, with an AUC of 0.70. More work-participation at baseline and being male were identified as prognostic factors.
At 5-and 12-month follow-ups, the bootstrapping analyses (internal validation of the model) revealed an explained variance of 30% and 17%, respectively, with an AUC of 0.78 and 0.70, respectively.
At 5-month follow-up, sensitivity analyses demonstrated similarity in almost all of the prognostic factors between the different models. Only the CCA included some different factors. Workparticipation and being male were reported most frequently. For the 12-month analysis, more work-participation at baseline was present in every model, as were several other factors similar to the presented final models. At 5-month follow-up the explained variance was 28-30%, with AUCs of 077-0.78, compared with 11-17% and AUCs of 0.66-0.70 at 12-month follow-up.
DISCUSSION
New and important findings of this current study are that the course of work-participation showed a clear increase during the 12-month follow-up, and various prognostic factors were identified, of which some can be influenced by a clinician.
To our knowledge, only long-term follow-up (≥ 6 months) of prognostic factors have been reported previously (6). Shortterm follow-up (≤ 6 months) of work recovery is presented for the first time for this population with CNSLBP.
An important finding of this prospective cohort study is that different prognostic factors were identified from those reported in other studies (5, 6) . Being male and more work-participation at baseline mostly appear in the multivariable models. Although there is no explanation for this in the literature, the answer might depend on the definition of work-participation used. We did not measure other work-related qualitative values, such as willingness to work, enjoyment in one's work, or the desire to return to work, which could influence work-participation. Our findings on the clinical course and prognostic models show that more work-participation at baseline was included in all multivariable models; this might be because people working are generally healthier, experience social support and are more physically active, all of which may be related to greater physical well-being and an increased chance to recover (6) . The baseline scores for back pain and disability are often related to returning to work (6, 25) , but in our findings this was inconclusive. Being male was associated with work-participation; this might be because, in Dutch society, men traditionally earn the most wages for the family and it is less acceptable to work fewer hours.
Being married or living with another adult can provide social support for patients during their rehabilitation process, especially when they are involved in a multidisciplinary therapy, as was the case with our cohort study. There is some evidence for detrimental consequences of low back pain on marital satisfaction, partner emotions and relationship quality (26) ; on the other hand, beneficial effects are reported of spousal support and social interaction with other patients on low back pain coping and function for the outcome back pain and disability (27, 28) .
A systematic review published in 2002 by Guzman et al. (29) provides evidence that intensive multidisciplinary bio-psychosocial rehabilitation with a functional restoration approach improves pain and function in patients with CNSLBP. Some trials OR: odds ratio, an OR > 1 reflects a higher probability of 90% recovery for the outcome work-participation and an OR< 1 a lower probability of 90% work-participation compared with the reference category. OR estimated after multiple imputation (n = 5 data-sets) with p-value of 0.157.
reported improvements in work readiness, whereas others showed no significant reduction in sickness leave (29) . Our study population received a therapy aimed at physical/functional recovery, which may partly explain the positive course of work-participation.
Strength and limitations
This study has some limitations. First, it is unknown whether the patients had the same contract work hours at baseline and one year later. Also, it is unknown if patients returned to work to their former job, or to a job with adjustments, or to another job; details on contractual working hours were surveyed only at follow-up. A second limitation is that we were unable to limit missing data (0-27.4%) at baseline and during the following year (45% loss of patients at 12 months), because data were collected during the daily process in rehabilitation care. At the 12-month follow-up, the postal questionnaires were mostly subject to loss of data. Possible reasons are postal collection of the data without a reminder about the SJC (policy), the patient was on vacation, the envelope was not stamped, the patient had completely recovered from CNSLBP or had started another intervention and there was no electronic collection of the data. Each time that data were collected, this involved collection of information on more than 100 variables; this can lead to overload for the patient and may result in lack of participation and/or incomplete questionnaires. Missing data and the impact of non-response at baseline and follow-up were analysed by comparing patients' baseline response on individual prognostic factors with those at 5-and 12-month follow-ups. There were no reported differences between responders and non-responders on the main outcomes (data obtained by first author). However, some non-responders may have difficulty in implementing new behaviour and changed cognitions from one setting to another, or in remaining compliant to the therapy. First, when dealing with missing data we decided to use the multiple imputation procedure, as this is assumed to be more valid than simply omitting these patients from the analysis (23) .
Another consequence is that it reduces the sample size/power and thus the model's validity (15) . By performing sensitivity analyses and completed cases analyses (CCA), we validated our models in the population (15) . In our study this revealed little or no difference in the identified prognostic factors, indicating that these models were relatively stable. Furthermore, in all analyses, the CCA showed slightly higher standard errors (SEs) and coefficients compared with the imputed data-sets. This indicates that, as expected, both the power and the precision were increased by use of imputation (30) . The MMICS statement recommends "days of work" to define an outcome work-participation (31) . However, we were unable to retrieve this information from our data and therefore used work-participation, defined as dividing "current work hours" by "former work employment hours" prior to the CNSLBP. This definition has not been used before, because the clinometric values are unknown, thereby making comparison of the results difficult. Visual analogue scale (VAS) pain intensity, Quebec Back Pain Disability Scale (QBPDS), and Global Perceived Effect (GPE) are frequently used outcome measures (32) (33) (34) 13) .
Dichotomizing continuous variables, such as work-participation, has some implications on results: (i) information loss on patients outcome, (ii) patients close to but on opposite sides of the cut-off point ''≥ 90%'' are characterized as being very different rather than very similar, and (iii) using 2 groups (e.g. improved vs. not improved) conceals any non-linearity in the relationship between the variable and the outcome (35) .
Ostelo et al. reported that the change from baseline to follow-up can be defined as "clinically important" (e.g. a 30% improvement) because individual patients determine their own health status (35) .
The present study is part of a larger investigation of a number of outcome measures, besides that of work-participation (7). For all outcomes, the same 23 prognostic factors were used in the multivariate regression models. Therefore, certain other variables, such as socio-economic variables (e.g. breadwinner), occupational variables (e.g. social security agency), job characteristics (e.g. job satisfaction), and other factors, such as work attitude and help with personal problems, were not selected in this study (36) . It is also possible that other potential factors have not been addressed in the present study.
We used contemporary statistical methods to internally validate the prognostic models. These methods reduce the tendency for variable selection procedures to produce overly optimistic estimates of model performance (18) . Further research is recommended in other settings to enable clinicians to eventually apply these models (17) .
In conclusion, the results of this study show that clinical, work and psychosocial-related variables contribute to the development of improvement in CNSLBP. The most promising variable over the 12 months appears to be staying at work at baseline. This variable may be relevant for clinicians and occupational health physicians in advising their patients with respect to treatment strategy and optimal chance to improve over time.
